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DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for plasma 
processing device. 

USE - For manufacturing LCD device with integrated TFTs . 
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DESCRIPTION OF DRAWING(S) - The figure shows a cross-sectional view of the plasma 
processing device. 
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JPO aiid'NCIPI are not responsible for any 
damages caused by the use of this translation. 



l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim 1] The manufacture approach of the liquid crystal display characterized by having the process which irradiates a 
energy beam and forms a polish recon thin film in the amorphous silicon thin film formed on the glass substrate, the 
process which applies a resist to the front face of said polish recon thin film, and the process which carries out 
flattening of the front face of said polish recon by performing dry etching from the front face of said resist. 
[Claim 2] The manufacture approach of the liquid crystal display according to claim 1 characterized by having the 
process which changes to the process which applies said resist to the front face of said polish recon thin film, and forms 
the inorganic film by Si02 or Si3N4. 

[Claim 3] Said dry etching is the manufacture approach of the liquid crystal display according to claim 1 characterized 
by carrying out as etching gas using one mixed gas of the gas containing a fluorine, the gas containing oxygen and the 
gas containing chlorine, the gas containing oxygen or the gas containing a fluorine, the gas containing chlorine, and the 
gas containing oxygen while the plasma treatment equipment of a slot antenna method performs. 
[Claim 4] It is plasma treatment equipment characterized by keeping constant the clearance between the inferior surface 
of tongue of said microwave waveguide, and the top face of a microwave installation aperture by the clearance 
adjustment means in the plasma treatment equipment which introduces the microwave from microwave waveguide in a 
process chamber through a microwave installation aperture, irradiates the worked object on the processing stage in said 
process chamber, and performs predetermined processing. 

[Claim 5] Plasma treatment equipment according to claim 4 characterized by preparing the inspection hole which 
formed the oxide of Ti in the side attachment wall of said process chamber. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] This invention relates to the plasma treatment equipment used for the manufacture approach of 
the liquid crystal display with which the thin film transistor was incorporated, and it. 

[Description of the Prior Art] The thin film transistor included in a liquid crystal display formed the barrier layer in 
which the source and a drain field are formed conventionally with the amorphous silicon (a-Si is called hereafter) thin 
film. However, the a-Si thin film had the problem that the mobility of the carrier which has big effect on transistor 
characteristics was small. Since it is such, in order to raise the property (mobility of a carrier) of the thin film transistor 
of a liquid crystal display, the technique which forms a barrier layer with a poly-Si thin film is used. Since especially 
low-temperature poly-Si had large electron mobility, in TFT-LCD by conventional a-Si, it was difficult to make highly - 
minute-izing and the driver IC for pixel control on a glass substrate, but in TFT-LCD by low-temperature poly-Si, since 
it becomes possible, development is performed. Drawing 9 is the sectional view of TFT by poly-Si. On the glass 
substrate 61, the poly-Si film 62, gate dielectric film 63, an interlayer insulation film 64, and the pass-SiN film 65 are 
formed one by one. Moreover, signal lines 66a and 66b are formed in the pass-SiN film 65 from the poly-Si film 62. 
Moreover, the gate electrode 67 is formed in the poly-Si film 62 inside the interlayer insulation film 64 on gate 
dielectric film 63 , and the location which counters. In addition, the formation approach of the poly-Si film 62 uses 
plasma-CVD equipment (un-illustrating) for a-Si on a glass substrate 61, after membrane formation, on the a-Si film, it 
irradiates XeCl excimer laser (wavelength =309nm, exposure reinforcement = ultraviolet rays of 250 - 350 mJ/cm2), 
makes it poly cry stal-ize, and forms the poly-Si film 62. By the way, when XeCl excimer laser is irradiated at a-Si, in 
the front face of the poly-Si film, they are the projections 68a and 68b of about dozens of nm so that the SEM 
photograph of the front face of the poly-Si film 62 on the glass substrate 61 formed in drawing 10 of them may be 
shown. - 68n exists. This is for a projection to occur in a grain boundary in the case of recrystallization after melting. 
The mechanism of projection generating is further explained with reference to drawing 1 1 (a) - (d). First, as shown in 
drawing 1 1 (a), the a-Si film on a glass substrate 61 fuses by the exposure of a laser beam, and the melting Si film 
(poly-Si film 62) is formed. Thereby, as shown in drawing 1 1 (b), they are crystalline nuclei 71a and 71b to the pars 
basilaris ossis occipitalis of the poly-Si film 62. -- 7 In generates. Then, they are Crystals 72a and 72b as are shown in 
drawing 1 1 (c) and a glass substrate 61 gets cold. - 72n grows. Furthermore, as shown in drawing 1 1 (d), they are 
Crystals 72a and 72b. - It is pushed on 72n and the poly-Si film 62 is Projections 68a and 68b in a grain boundary. - It 
is set to 68n. Projections 68a and 68b in this case - Height of 68n amounts to 20-50nm, when the thickness of a-Si is 
50nm. 

[Problem(s) to be Solved by the Invention] As mentioned above, in low-temperature poly-SiTFT-LCD, since a 
circumference drive circuit can be built in a glass substrate since big poly-Si of electron mobility can be used, and TFT 
of the pixel section becomes small, the highly minute liquid crystal display of a quantity numerical aperture is 
realizable. However, when the projection of about dozens of nm exists in the front face of the poly-Si film, If the source 
and a drain field are formed in said barrier layer and a thin film transistor is manufactured after carrying out patterning 
of this poly-Si thin film, forming a barrier layer and forming gate dielectric film and a gate electrode on it It originates 
in the projection on the front face of a barrier layer which consists of poly-Si, the electric field in a height become high, 
pressure-proofing of the gate section becomes low, the poor proof pressure of gate dielectric film is produced, and 
while transistor characteristics fall remarkably, a title arises. This invention was made based on these situations, and 
aims at offering the manufacture approach of the liquid crystal display which carries out flattening of the minute 
projection generated on the front face of the poly-Si film, and forms it, and plasma treatment equipment. 
[Means for Solving the Problem] It is the manufacture approach of the liquid crystal display characterized by having 
the process which irradiates a energy beam and forms a polish recon thin film in the amorphous silicon thin film 
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formed on the glass substrate, the process which applies a resist to the front face of said polish recon thin film, and the 
process which carries out flattening of the front face of said polish recon by performing dry etching from the front face 
of said resist according to the means by this invention. Moreover, according to the means by this invention, it is the 
manufacture approach of the liquid crystal display characterized by having the process which changes to the process 
which applies said resist to the front face of said polish recon thin film, and forms the inorganic film by Si02 or Si3N4. 
Moreover, according to the means by this invention, said inorganic film is the manufacture approach of the liquid 
crystal display characterized by forming by Si02 or Si3N4. Moreover, it is the manufacture approach of the liquid 
crystal display characterized by to carry out as etching gas using one mixed gas of the gas containing a fluorine, the gas 
containing oxygen and the gas containing chlorine, the gas containing oxygen or the gas containing a fluorine, the gas 
containing chlorine, and the gas containing oxygen while the plasma treatment equipment of a slot antenna method 
performs said dry etching according to the means by this invention. Moreover, according to the means by this 
invention, when CF4 and 02 are used for said etching gas, it is the manufacture approach of the liquid crystal display 
characterized by using the flow rate of CF4 and 02 in 1/10 to 1/2. Moreover, according to the means by this invention, 
in the plasma-treatment equipment which introduces the microwave from microwave waveguide in a process chamber 
through a microwave installation aperture, irradiates the worked object on the processing stage in said process chamber, 
and performs predetermined processing, the clearance between the inferior surface of tongue of said microwave 
waveguide and the top face of a microwave installation aperture is plasma-treatment equipment characterized by to be 
kept constant by the clearance adjustment means. Moreover, according to the means by this invention, said clearance 
adjustment means is plasma treatment equipment characterized by being what adjusted by changing the thickness of a 
spacer. Moreover, according to the means by this invention, said clearance adjustment means is plasma treatment 
equipment characterized by being what adjusted by moving a baffle plate with an adjusting screw. Moreover, according 
to the means by this invention, said microwave installation aperture is plasma treatment equipment characterized by 
being formed with an alumina or nitriding aluminum. Moreover, according to the means by this invention, it is 
characterizing [ it ]-by preparing inspection hole which formed oxide of Ti in side attachment wall of said process 
chamber plasma treatment equipment. Moreover, according to the means by this invention, membrane formation of the 
oxide of said Ti is plasma treatment equipment characterized by forming membranes by making it heat and dry after 
applying the liquid which formed Ti02 in the vacuum housing, or contained Ti. Moreover, according to the means by 
this invention, said inspection hole is plasma treatment equipment characterized by carrying out by introducing a steam 
in said process chamber and making this steam generate discharge. 

[Embodiment of the Invention] Hereafter, an example of the manufacture approach of the thin film transistor of the 
liquid crystal display concerning this invention is explained. 

(The 1st process) a-Si of 500A of thickness is first formed by plasma CVD to an insulator layer like the silicon oxide 
on a glass substrate. In addition, on the glass substrate, the gate electrode is beforehand formed before covering of an 
insulator layer. 

(The 2nd process) Subsequently to an a-Si thin film, a laser beam with a wavelength of 308nm is irradiated by the 
reinforcement of 300 mJ/cm2 with a excimer laser annealer, it polycrystal-izes and crystallinity is changed into a good 
poly-Si thin film. The projection of dozens of nm order has occurred in the front face of this poly-Si film. In addition, 
as a energy beam, an electron beam etc. can also be used besides a laser beam. 

(The 3rd process) The resist which can process it on a front face by the same etching rate as poly-Si on the poly-Si film 
which the projection has generated is applied, after that, an etching system is used, it etches by CF4 / 02 mixed-gas 
system, and flattening of the projection of poly-Si is removed and carried out. The mechanism of flattening which 
removes this projection is explained with reference to (c) from drawing 1 (a). First, poly cry stal-ized projections 4a, 4b, 
and 4c which were formed on the glass substrate 1 as shown in drawing 1 (a) - The resist 3 of 1 micrometer of 
thickness is applied on the 4n film of the existing poly-Si film 2. Next, as shown in drawing 1 (b), it etches using a slot 
antenna etching system (un-illustrating). The conditions of etching in that case make the same the etch rate of a resist 3 
and the poly-Si film 2, as shown in drawing 2 . For example, CF[ microwave output:3kWx2 set and ] 4/02 gas-stream 
quantitative-ratio: 1 5 0/400sccm, an etching pressure: Carry out by 20Pa. Next, as shown in drawing 1 (c), when a resist 
3 disappears by etching, they are the projections 4a, 4b, and 4c on the poly-Si film 2 by etching to coincidence. - No 
less than 4n disappears. In addition, although the resist was applied on the poly-Si film 2 which has a projection, in an 
above-mentioned case, inorganic film, such as Si02 and Si3N4, may be formed by approaches, suph as CVD, a spatter, 
and spreading, instead of a resist, and it may carry out flattening of the poly-Si film according to a DORAI etching 
process after that. Moreover, etching uses each mixed gas of the gas which contained the fluorine like CF4 and 02 as 
gas, the gas which contained chlorine like the gas containing oxygen, and C12 and 02, the gas containing oxygen or the 
gas containing a fluorine, the gas containing chlorine, and the gas containing oxygen. Next, the plasma treatment 
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equipment of this invention used for these treatment processes is explained. Drawing 3 is the cross-section block 
diagram showing the configuration of the plasma treatment equipment of this invention. The processing stage 12 where 
the process chamber 1 1 which is the reaction chamber formed in the well-closed container lays the worked object of 
glass substrate 1 grade in the interior is formed. Moreover, the source base 13 of the plasma extends toward a side 
attachment wall to a center section, and, as for the head-lining section of the process chamber 1 1, the center section is 
close with the microwave installation aperture 14 currently formed with dielectrics, such as a quartz and a ceramic. 
Moreover, the gas supply opening 15 for supplying reactant gas in the process chamber 1 1 is formed in the source base 
13 of the plasma. Moreover, it is [ the freely exchangeable spacer 16 ] close, it is formed in the upper part of the source 
base 13 of the plasma, and the side face of a spacer 16 is close with the microwave installation aperture 14, and the top 
face of a spacer 16 and the top face of the microwave installation aperture 14 are formed flat-tapped. Even if this spacer 
16 is formed with one plate, as shown in drawing 4 , it may be formed with the spacers 16a, 16b, and 16c of two or 
more sheets. It is [ the microwave waveguide 17 for drawing microwave from a well-known microwave generating 
circuit (un-illustrating) ] close, and it is formed in the microwave installation aperture 14 formed flat-tapped and the top 
face of a spacer 16. In addition, the microwave emission openings 18a and 18b for emitting microwave are formed in 
the location corresponding to the microwave installation aperture 14 of a microwave waveguide 17. In addition, these 
microwave emission openings 18a and 18b form that opening in the configuration which achieves the function as a slot 
antenna. Next, if the function of a spacer 16 is explained, in a microwave device like plasma treatment equipment, the 
microwave led to the microwave waveguide 17 will be emitted from the microwave emission openings 18a and 18b, 
and will be introduced in the source base 13 of the plasma through the microwave installation aperture 14. Microwave 
excites process gas and generates the plasma 19 here. Active species generated with the plasma 19, such as an activity 
atom and ion, are carried by the gas stream which goes to the exhaust port 20 established in the pars basilaris ossis 
occipitalis of the PURASESU chamber 1 1, and carry out process processing of the worked object on the processing 
stage 12. For example, in the case where Si, MoW, SiN, etc. are etched, the gas of fluorine compounds, such as CF4 
and CHF3, is used as process gas. It is decomposed by discharge and these gas generates active species, such as a 
fluorine or a fluorine radical. When quartz glass was used as a microwave installation aperture 14, active species 
reacted, **** of a quartz aperture occurred, and aperture exchange in a short time was required. In order to control this, 
as a microwave installation aperture 14, ceramic material, such as an alumina and nitriding aluminum, came to be used, 
the aperture could be deleted, and the amount decreased to 1 / 10 - 1/100. However, when it was used more for a long 
time, as drawing 5 (a) showed, it could delete on the front face of the microwave installation aperture 14, and 21 
occurred, further, the alumina and the fluorine reacted and the surface state took deterioration 22. Then, although the 
method which grinds the microwave installation aperture 14 like drawing 5 (b) was able to be considered, since the 
microwave installation aperture 14 became thin by polish, the clearance occurred in the waveguide 3 and the 
microwave installation aperture 14, this brought about the instability of the plasma, and it had become an etching rate 
and the cause of generating homogeneous fluctuation. For a ****** reason, this amount alpha to grind is 0.1mm or 
more about surface parallelism, and is usually about 1mm. in this invention, it comes out according to this and a spacer 
16 is exchanged for the spacer 16 thin 1mm. Thereby, the clearance between the top face of the microwave installation 
aperture 14 and the inferior surface of tongue of the microwave installation tubing 3 can be held uniformly, and the 
plasma can be maintained to stability. Thereby, polish of the microwave installation aperture 14 and exchange of a 
spacer 16 became able [ not only 1 time but the microwave installation aperture 14 ] to use it to the thickness which can 
be equal to vacuum pressure-proofing repeatedly. Previously, it is drawing 4 . As shown, when it comes out and SU **- 
SA 16 is constituted from body 16a of a spacer 16, and spacers 16b and 16c for adjustment, board thickness of the 
spacers 16b and 16c for adjustment is set to 1mm which is 1 time of the amount of polishes of the microwave 
installation aperture 14. With this configuration, the clearance between the top face of the microwave installation 
aperture 14 and the inferior surface of tongue of a microwave waveguide 17 can be uniformly held by removing one 
spacer 16b and 16c for adjustment at a time, whenever it grinds the microwave installation aperture 14. Moreover, side 
attachment walls 1 la and 1 lb of the process chamber 1 1 - The inspection hole 24 is formed in one [lid]. Although 
the method which detects the emission spectrometry in a reaction container with the emission spectrometry detector 25 
through an inspection hole 24 is adopted as etching or terminal point detection of ashing, if the processing number of 
sheets of a worked object exceeds about 1000 sheets, when the resultant after etching or ashing adheres to an inspection 
hole 24, cloudiness will occur. Thereby, the detection reinforcement of luminescence falls and a terminal point cannot 
be detected correctly. Therefore, it became possible to remove the cloudiness of an aperture by forming the inspection 
hole 24 which formed inside Ti02 film 26 which acts as a photocatalyst in this invention, and performing steam 
discharge, without having carried out atmospheric-air release and washing a reaction container. For example, in the 
case of the inspection hole 24 which formed Ti02 film 26 to 1 00-micrometer inside, it checked that the fluorocarbon 
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film which is the resultant of etching or ashing was removed by generating steam discharge on condition that the 
following. 

microwave output: - 3kWx two-set H20 quantity-of-gas-flow ratio: - lOOOsccm discharge pressure: 20pa charging- 
time-value: - the result was recovered to 90% after electrodischarge treatment for 2 minutes, although the permeability 
of light with a wavelength of 655nm was falling to 50% before discharge for cloudiness as shown in drawing 6 . 
Although the cloudiness of an inspection hole 24 was removed by carrying out atmospheric-air release and washing a 
reaction container for every 1000 substrates processing conventionally, by performing steam discharge for 2 minutes by 
the slot antenna etching system which has the inspection hole 24 which formed Ti02 for every 1000 substrates 
processing by this invention, cloudiness could be removed and it became possible to raise an equipment operating ratio. 
In addition, the oxide of not only Ti02 but other Ti can be used for the metallic oxide which-forms membranes inside 
an inspection hole 24. Moreover, even if membrane formation of Ti02 performs sputtering, CVD, ion plating, etc. 
within a vacuum housing, it may be made to heat and dry, after applying the liquid containing Ti, such as tetraniethoxy 
titanium (Ti (OCH3)), and membranes may be formed. Next, it explains using the cross-sectional view of a 
configuration of that the 1st modification of the above-mentioned process chamber 1 1 is shown in drawing 7. In 
addition, the same sign is given to the same functional division as drawing 3 , and each explanation is omitted. In this 
modification, the fitting location adjustment device of a microwave waveguide 17 is established as a device in which 
the clearance between a microwave waveguide 17 and the microwave installation aperture 14 is uniformly held to 
thickness change of the microwave installation aperture 14. The fitting location adjustment device is formed with the 
adjusting screws 32a and 32b to which the baffle plates 3 la and 3 lb formed in the microwave waveguide 17 and these 
baffle plates 31a and 3 lb are moved. By this fitting location adjustment device, it carries out adjustable [ of the location 
of baffle plates 31a and 3 lb ] by rotating adjusting screws 32a and 32b. Thereby, corresponding to the board thickness 
of the microwave installation aperture 14 decreasing with washing and polish, baffle plates 3 la and 3 lb are moved 
upward, and the clearance between a microwave waveguide 17 and the microwave installation aperture 14 is held 
uniformly. Moreover, it explains using the cross-sectional view of a configuration of that the 2nd modification is shown 
in drawing 8 . In addition, the same sign is given to the same functional division as drawing 3 , and each explanation is 
omitted. In this modification, this invention is applied to the equipment which has arranged to juxtaposition the 
microwave waveguides 17a and 17b which are two or more plasma generating sections. Among two or more 
microwave waveguides 17a and 17b, the beam section 35 for connecting and supporting two or more microwave 
waveguides 17a and 17b is formed, and the beam section spacer 36 is formed in the upper part of this beam section 35. 
Therefore, it can combine with the adjustment explained with the gestalt of above-mentioned operation, and can 
respond to adjustment about between two or more microwave waveguides 17a and 17b at change of the board thickness 
of the microwave installation apertures 14a and 14b by exchange of the beam section spacer 36 or modification of the 
number of sheets of the beam section spacer 36. As stated above, according to the manufacture approach of this 
invention, the withstand voltage of the interlayer insulation film which the shape of surface type of the poly-Si film 
becomes flat, and measures the poly-Si film between a gate electrode and a signal line by performing etching 
processing improved from 30V to 60V. Moreover, with each equipment of this invention, by adjusting the board 
thickness of a spacer according to the board thickness of a microwave installation aperture, since the multiple-times use 
of the ground microwave installation aperture can be carried out, the running run cost of a microwave installation 
aperture can be reduced. For example, although the microwave installation aperture of an alumina ceramic was based 
also on size and the quality of the material, when the high purity alumina suitable for etching was used, for example, 
when it was 700,000 yen per sheet and exchanged for every time, it had become a 700,000 yen running cost. On the 
other hand, when situation ****** i s about 100,000 yen, and it grinds at one washing and polish and is used 5 times, 
the price of a running cost is 1,200,000 yen. Compared with 3,500,000 yen at the time of exchanging all, it is about 1/3 
running cost, and sharp running cost reduction was attained. Moreover, although removal was performed by carrying 
out atmospheric-air release and washing a reaction container in the former whenever it processed the cloudiness of an 
inspection hole 1000 substrates, according to the inspection hole which formed Ti02 of this invention, cloudiness 
could be removed by performing steam discharge for 2 minutes for every 1000 substrates processing, and it became 
possible to raise an equipment operating ratio sharply. In addition, the plasma treatment equipment of this invention 
can be widely used for general manufacture, such as not only manufacture of a liquid crystal display but a 
semiconductor device. 

[Effect of the Invention] According to this invention, flattening of the high poly-Si film front face of electron mobility 
can be carried out by performing etching processing for the poly-Si film. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the plasma treatment equipment used for the manufacture approach of 
the liquid crystal display with which the thin film transistor was incorporated, and it. 
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PRIOR ART 

[Description of the Prior Art] The thin film transistor included in a liquid crystal display formed the barrier layer in 
which the source and a drain field are formed conventionally with the amorphous silicon (a-Si is called hereafter) thin 
film. However, the a-Si thin film had the problem that the mobility of the carrier which has big effect on transistor 
characteristics was small. Since it is such, in order to raise the property (mobility of a carrier) of the thin film transistor 
of a liquid crystal display, the technique which forms a barrier layer with a poly-Si thin film is used. Since especially 
low-temperature poly-Si had large electron mobility, in TFT-LCD by conventional a-Si, it was difficult to make highly - 
minute-izing and the driver IC for pixel control on a glass substrate, but in TFT-LCD by low-temperature poly-Si, since 
it becomes possible, development is performed. Drawing 9 is the sectional view of TFT by poly-Si. On the glass 
substrate 61, the poly-Si film 62, gate dielectric film 63, an interlay er insulation film 64, and the pass-SiN film 65 are 
formed one by one. Moreover, signal lines 66a and 66b are formed in the pass-SiN film 65 from the poly-Si film 62. 
Moreover, the gate electrode 67 is formed in the poly-Si film 62 inside the interlayer insulation film 64 on gate 
dielectric film 63, and the location which counters. In addition, the formation approach of the poly-Si film 62 uses 
plasma-CVD equipment (un-illustrating) for a-Si on a glass substrate 61, after membrane formation, on the a-Si film, it 
irradiates XeCl excimer laser (wavelength =309nm, exposure reinforcement = ultraviolet rays of 250 - 350 mJ/cm2), 
makes it polycrystal-ize, and forms the poly-Si film 62. By the way, when XeCl excimer laser is irradiated at a-Si, in 
the front face of the poly-Si film, they are die projections 68a and 68b of about dozens of nm so that the SEM 
photograph of the front face of the poly-Si film 62 on the glass substrate 61 formed in drawing 10 of them may be 
shown. — 68n exists. This is for a projection to occur in a grain boundary in the case of recrystallization after melting. 
The mechanism of projection generating is further explained with reference to drawing 1 1 (a) - (d). First, as shown in 
drawing 1 1 (a), the a-Si film on a glass substrate 61 fuses by the exposure of a laser beam, and the melting Si film 
(poly-Si film 62) is formed. Thereby, as shown in drawing 1 1 (b), they are crystalline nuclei 71a and 71b to the pars 
basilaris ossis occipitalis of the poly-Si film 62. - 71n generates. Then, they are Crystals 72a and 72b as are shown in 
drawing 1 1 (c) and a glass substrate 61 gets cold. — 72n grows. Furthermore, as shown in drawing 1 1 (d), they are 
Crystals 72a and 72b. — It is pushed on 72n and the poly-Si film 62 is Projections 68a and 68b in a grain boundary. — It 
is set to 68n. Projections 68a and 68b in this case -- Height of 68n amounts to 20-50nm, when the thickness of a-Si is 
50nm. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, flattening of the high poly-Si film front face of electron mobility 
can be carried out by performing etching processing for the poly-Si film. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As mentioned above, in low-temperature poly-SiTFT-LCD, since a 
circumference drive circuit can be built in a glass substrate since big poly-Si of electron mobility can be used, and TFT 
of the pixel section becomes small, the highly minute liquid crystal display of a quantity numerical aperture is 
realizable. However, when the projection of about dozens of nm exists in the front face of the poly-Si film, If the source 
and a drain field are formed in said barrier layer and a thin film transistor is manufactured after carrying out patterning 
of this poly-Si thin film, forming a barrier layer and forming gate dielectric film and a gate electrode on it It originates 
in the projection on the front face of a barrier layer which consists of poly-Si, the electric field in a height become high, 
pressure-proofing of the gate section becomes low, the poor proof pressure of gate dielectric film is produced, and 
while transistor characteristics fall remarkably, a title arises. This invention was made based on these situations, and 
aims at offering the manufacture approach of the liquid crystal display which carries out flattening of the minute 
projection generated on the front face of the poly-Si film, and forms it, and plasma treatment equipment. 
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MEANS 

[Means for Solving the Problem] It is the manufacture approach of the liquid crystal display characterized by having 
the process which irradiates a energy beam and forms a polish recon thin film in the amorphous silicon thin film 
formed on the glass substrate, the process which applies a resist to the front face of said polish recbn thin film, and the 
process which carries out flattening of the front face of said polish recon by performing dry etching from the front face 
of said resist according to the means by this invention. Moreover, according to the means by this invention, it is the 
manufacture approach of the liquid crystal display characterized by having the process which changes to the process 
which applies said resist to the front face of said polish recon thin film, and forms the inorganic film by Si02 or Si3N4. 
Moreover, according to the means by this invention, said inorganic film is the manufacture approach of the liquid 
crystal display characterized by forming by Si02 or Si3N4. Moreover, it is the manufacture approach of the liquid 
crystal display characterized by to carry out as etching gas using one mixed gas of the gas containing a fluorine, the gas 
containing oxygen and the gas containing chlorine, the gas containing oxygen or the gas containing a fluorine, the gas 
containing chlorine, and the gas containing oxygen while the plasma treatment equipment of a slot antenna method 
performs said dry etching according to the means by this invention. Moreover, according to the means by this 
invention, when CF4 and 02 are used for said etching gas, it is the manufacture approach of the liquid crystal display 
characterized by using the flow rate of CF4 and 02 in 1/10 to 1/2. Moreover, according to the means by this invention, 
in the plasma-treatment equipment which introduces the microwave from microwave waveguide in a process chamber 
through a microwave installation aperture, irradiates the worked object on the processing stage in said process chamber, 
and performs predetermined processing, the clearance between the inferior surface of tongue of said microwave 
waveguide and the top face of a microwave installation aperture is plasma-treatment equipment characterized by to be 
kept constant by the clearance adjustment means. Moreover, according to the means by this invention, said clearance 
adjustment means is plasma treatment equipment characterized by being what adjusted by changing the thickness of a 
spacer. Moreover, according to the means by this invention, said clearance adjustment means is plasma treatment 
equipment characterized by being what adjusted by moving a baffle plate with an adjusting screw. Moreover, according 
to the means by this invention, said microwave installation aperture is plasma treatment equipment characterized by 
being formed with an alumina or nitriding aluminum. Moreover, according to the means by this invention, it is 
characterizing [ it ]-by preparing inspection hole which formed oxide of Ti in side attachment wall of said process 
chamber plasma treatment equipment. Moreover, according to the means by this invention, membrane formation of the 
oxide of said Ti is plasma treatment equipment characterized by forming membranes by making it heat and dry after 
applying the liquid which formed Ti02 in the vacuum housing, or contained Ti. Moreover, according to the means by 
this invention, said inspection hole is plasma treatment equipment characterized by carrying out by introducing a steam 
in said process chamber and making this steam generate discharge. 

[Embodiment of the Invention] Hereafter, an example of the manufacture approach of the thin film transistor of the 
liquid crystal display concerning this invention is explained. 

(The 1st process) a-Si of 500A of thickness is first formed by plasma CVD to an insulator layer like the silicon oxide 
on a glass substrate. In addition, on the glass substrate, the gate electrode is beforehand formed before covering of an 
insulator layer. 

(The 2nd process) Subsequently to an a-Si thin film, a laser beam with a wavelength of 308nm is irradiated by the 
reinforcement of 300 mJ/cm2 with a excimer laser annealer, it polycrystal-izes and crystallinity is changed into a good 
poly-Si thin film. The projection of dozens of nm order has occurred in the front face of this poly-Si film. In addition, 
as a energy beam, an electron beam etc. can also be used besides a laser beam. 

(The 3rd process) The resist which can process it on a front face by the same etching rate as poly-Si on the poly-Si film 
which the projection has generated is applied, after that, an etching system is used, it etches by CF4 / 02 mixed-gas 
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system, and flattening of the projection of poly-Si is removed and carried out. The mechanism of flattening which 
removes this projection is explained with reference to (c) from drawing 1 (a). First, poly cry stal-ized projections 4a, 4b, 
and 4c which were formed on the glass substrate 1 as shown in drawing 1 (a) - The resist 3 of 1 micrometer of 
thickness is applied on the 4n film of the existing poly-Si film 2. Next, as shown in drawing 1 (b), it etches using a slot 
antenna etching system (un-illustrating). The conditions of etching in that case make the same the etch rate of a resist 3 
and the poly-Si film 2, as shown in drawing 2 . For example, CF[ microwave output: 3kWx2 set and ] 4/02 gas-stream 
quantitative-ratio: 150/400sccm, an etching pressure: Carry out by 20Pa. Next, as shown in drawing 1 (c), when a resist 
3 disappears by etching, they are the projections 4a, 4b, and 4c on the poly-Si film 2 by etching to coincidence. - No 
less than 4n disappears. In addition, although the resist was applied on the poly-Si film 2 which has a projection, in an 
above-mentioned case, inorganic film, such as Si02 and Si3N4, may be formed by approaches, such as CVD, a spatter, 
and spreading, instead of a resist, and it may carry out flattening of the poly-Si film according to a DORAI etching 
process after that. Moreover, etching uses each mixed gas of the gas which contained the fluorine like CF4 and 02 as 
gas, the gas which contained chlorine like the gas containing oxygen, and C12 and 02, the gas containing oxygen or the 
gas containing a fluorine, the gas containing chlorine, and the gas containing oxygen. Next, the plasma treatment 
equipment of this invention used for these treatment processes is explained. Drawing 3 is the cross-section block 
diagram showing the configuration of the plasma treatment equipment of this invention. The processing stage 12 where 
the process chamber 1 1 which is the reaction chamber formed in the well-closed container lays the worked object of 
glass substrate 1 grade in the interior is formed. Moreover, the source base 13 of the plasma extends toward a side 
attachment wall to a center section, and, as for the head-lining section of the process chamber 1 1, the center section is 
close with the microwave installation aperture 14 currently formed with dielectrics, such as a quartz and a ceramic. 
Moreover, the gas supply opening 15 for supplying reactant gas in the process chamber 1 1 is formed in the source base 
13 of the plasma. Moreover, it is [ the freely exchangeable spacer 16 ] close, it is formed in the upper part of the source 
base 13 of the plasma, and the side face of a spacer 16 is close with the microwave installation aperture 14, and the top 
face of a spacer 16 and the top face of the microwave installation aperture 14 are formed flat-tapped. Even if this spacer 
16 is formed with one plate, as shown in drawing 4 , it may be formed with the spacers 16a, 16b, and 16c of two or 
more sheets. It is [ the microwave waveguide 17 for drawing microwave from a well-known microwave generating 
circuit (un-illustrating) ] close, and it is formed in the microwave installation aperture 14 formed flat-tapped and the top 
face of a spacer 16. In addition, the microwave emission openings 18a and 18b for emitting microwave are formed in 
the location corresponding to the microwave installation aperture 14 of a microwave waveguide 17. In addition, these 
microwave emission openings 18a and 18b form that opening in the configuration which achieves the function as a slot 
antenna. Next, if the function of a spacer 16 is explained, in a microwave device like plasma treatment equipment, the 
microwave led to the microwave waveguide 17 will be emitted from the microwave emission openings 18a and 18b, 
and will be introduced in the source base 13 of the plasma through the microwave installation aperture 14. Microwave 
excites process gas and generates the plasma 19 here. Active species generated with the plasma 19, such as an activity 
atom and ion, are carried by the gas stream which goes to the exhaust port 20 established in the pars basilaris ossis 
occipitalis of the PURASESU chamber 1 1, and carry out process processing of the worked object pn the processing 
stage 12. For example, in the case where Si, MoW, SiN, etc. are etched, the gas of fluorine compounds, such as CF4 
and CHF3, is used as process gas. It is decomposed by discharge and these gas generates active species, such as a 
fluorine or a fluorine radical. When quartz glass was used as a microwave installation aperture 14, active species 
reacted, **** of a quartz aperture occurred, and aperture exchange in a short time was required. In order to control this, 
as a microwave installation aperture 14, ceramic material, such as an alumina and nitriding aluminum, came to be used, 
the aperture could be deleted, and the amount decreased to 1 / 10 - 1/100. However, when it was used more for a long 
time, as drawing 5 (a) showed, it could delete on the front face of the microwave installation aperture 14, and 21 
occurred, further, the alumina and the fluorine reacted and the surface state took deterioration 22. Then, although the 
method which grinds the microwave installation aperture 14 like drawing 5 (b) was able to be considered, since the 
microwave installation aperture 14 became thin by polish, the clearance occurred in the waveguide 3 and the 
microwave installation aperture 14, this brought about the instability of the plasma, and it had become an etching rate 
and the cause of generating homogeneous fluctuation. For a ****** reason, this amount alpha to grind is 0.1mm or 
more about surface parallelism, and is usually about 1mm. in this invention, it comes out according to this and a spacer 
16 is exchanged for the spacer 16 thin 1mm. Thereby, the clearance between the top face of the microwave installation 
aperture 14 and the inferior surface of tongue of the microwave installation tubing 3 can be held uniformly, and the 
plasma can be maintained to stability. Thereby, polish of the microwave installation aperture 14 and exchange of a 
spacer 16 became able [ not only 1 time but the microwave installation aperture 14 ] to use it to the thickness which can 
be equal to vacuum pressure-proofing repeatedly. As drawing 4 showed, when SU **-SA 16 is previously constituted 
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from body 16a of a spacer 16, and spacers 16b and 16c for adjustment, they are the spacers 16b and 16c for adjustment. 
Board thickness is set to 1mm which is 1 time of the amount of polishes of the microwave installation aperture 14. 
With this configuration, the clearance between the top face of the microwave installation aperture 14 and the inferior 
surface of tongue of a microwave waveguide 17 can be uniformly held by removing one spacer 16b and 16c for 
adjustment at a time, whenever it grinds the microwave installation aperture 14. Moreover, side attachment walls 11a 
and 1 lb of the process chamber 1 1 — The inspection hole 24 is formed in one [ lid]. Although the method which 
detects the emission spectrometry in a reaction container with the emission spectrometry detector 25 through an 
inspection hole 24 is adopted as etching or terminal point detection of ashing, if the processing number of sheets of a 
worked object exceeds about 1000 sheets, when the resultant after etching or ashing adheres to an inspection hole 24, 
cloudiness will occur. Thereby, the detection reinforcement of luminescence falls and a terminal point cannot be 
detected correctly. Therefore, it became possible to remove the cloudiness of an aperture by forming the inspection 
hole 24 which formed inside Ti02 film 26 which acts as a photocatalyst in this invention, and performing steam 
discharge, without having carried out atmospheric-air release and washing a reaction container. For example, in the 
case of the inspection hole 24 which formed Ti02 film 26 to 100-micrometer inside, it checked that the fluorocarbon 
film which is the resultant of etching or ashing was removed by generating steam discharge on condition that the 
following. 

microwave output: — 3kWx two-set H20 quantity-of-gas-flow ratio: — lOOOsccm discharge pressure: 20pa charging- 
time-value: — the result was recovered to 90% after electrodischarge treatment for 2 minutes, although the permeability 
of light with a wavelength of 655nm was falling to 50% before discharge for cloudiness as shown in drawing 6 . 
Although the cloudiness of an inspection hole 24 was removed by carrying out atmospheric-air release and washing a 
reaction container for every 1000 substrates processing conventionally, by performing steam discharge for 2 minutes by 
the slot antenna etching system which has the inspection hole 24 which formed Ti02 for every 1000 substrates 
processing by this invention, cloudiness could be removed and it became possible to raise an~ equipment operating ratio. 
In addition, the oxide of not only Ti02 but other Ti can be used for the metallic oxide which forms membranes inside 
an inspection hole 24. Moreover, even if membrane formation of Ti02 performs sputtering, CVD, ion plating, etc. 
within a vacuum housing, it may be made to heat and dry, after applying the liquid containing Ti, such as tetramethoxy 
titanium (Ti (OCH3)), and membranes may be formed. Next, it explains using the cross-sectional view of a 
configuration of that the 1st modification of the above-mentioned process chamber 1 1 is shown in drawing 7. In 
addition, the same sign is given to the same functional division as drawing 3 , and each explanation is omitted. In this 
modification, the fitting location adjustment device of a microwave waveguide 17 is established as a device in which 
the clearance between a microwave waveguide 17 and the microwave installation aperture 14 is uniformly held to 
thickness change of the microwave installation aperture 14. The fitting location adjustment device is formed with the 
adjusting screws 32a and 32b to which the baffle plates 31a and 3 lb formed in the microwave waveguide 17 and these 
baffle plates 3 la and 3 lb are moved. By this fitting location adjustment device, it carries out adjustable [ of the location 
of baffle plates 31a and 31b ] by rotating adjusting screws 32a and 32b. Thereby, corresponding to the board thickness 
of the microwave installation aperture 14 decreasing with washing and polish, baffle plates 31a and 3 lb are moved 
upward, and the clearance between a microwave waveguide 17 and the microwave installation aperture 14 is held 
uniformly. Moreover, it explains using the cross-sectional view of a configuration of that the 2nd modification is shown 
in drawing 8 . In addition, the same sign is given to the same functional division as drawing 3 , and each explanation is 
omitted. In this modification, this invention is applied to the equipment which has arranged to juxtaposition the 
microwave waveguides 17a and 17b which are two or more plasma generating sections. Among two or more 
microwave waveguides 17a and 17b, the beam section 35 for connecting and supporting two or more microwave 
waveguides 17a and 17b is formed, and the beam section spacer 36 is formed in the upper part of this beam section 35. 
Therefore, it can combine with the adjustment explained with the gestalt of above-mentioned operation, and can 
respond to adjustment about between two or more microwave waveguides 17a and 17b at change of the board thickness 
of the microwave installation apertures 14a and 14b by exchange of the beam section spacer 36 or modification of the 
number of sheets of the beam section spacer 36. As stated above, according to the manufacture approach of this 
invention, the withstand voltage of the interlayer insulation film which the shape of surface type of the poly-Si film 
becomes flat, and measures the poly-Si film between a gate electrode and a signal line by performing etching 
processing improved from 30V to 60V. Moreover, with each equipment of this invention, by adjusting the board 
thickness of a spacer according to the board thickness of a microwave installation aperture, since the multiple-times use 
of the ground microwave installation aperture can be carried out, the running run cost of a microwave installation 
aperture can be reduced. For example, although the microwave installation aperture of an alumina ceramic was based 
also on size and the quality of the material, when the high purity alumina suitable for etching was used, for example, 
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when it was 700,000 yen per sheet and exchanged for every time, it had become a 700,000 yen running cost. On the 
other hand, when situation ****** is about 100,000 yen, and it grinds at one washing and polish and is used 5 times, 
the price of a running cost is 1,200,000 yen. Compared with 3,500,000 yen at the time of exchanging all, it is about 1/3 
running cost, and sharp running cost reduction was attained. Moreover, although removal was performed by carrying 
out atmospheric-air release and washing a reaction container in the former whenever it processed the cloudiness of an 
inspection hole 1000 substrates, according to the inspection hole which formed Ti02 of this invention, cloudiness 
could be removed by performing steam discharge for 2 minutes for every 1000 substrates processing, and it became 
possible to raise an equipment operating ratio sharply. In addition, the plasma treatment equipment of this invention 
can be widely used for general manufacture, such as not only manufacture of a liquid crystal display but a 
semiconductor device. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) - (c) is the explanatory view of the mechanism of flattening which removes a proj ection. 
[Drawing 2] The graph which shows the etch rate of poly-Si and a resist. 

[Drawing 3] The cross-section block diagram showing the configuration of the plasma treatment equipment of this 
invention. 

[Drawing 4] The side elevation of the spacer of this invention. 

[Drawing 5] (a) The explanatory view of damage on the front face of a microwave installation aperture, the explanatory 
view of polish of (b) microwave installation aperture. 

[Drawing 6] The graph which shows the output of the steam discharge and the emission spectrometry detector using the 
inspection hole of this invention. 

[Drawing 7] The cross-section block diagram showing the configuration of the modification of the plasma treatment 
equipment of this invention. 

[Drawing 8] The cross-section block diagram showing the configuration of the modification of the plasma treatment 
equipment of this invention. 

[Drawing 9] The configuration sectional view of poly-SiTFT. 

[Drawing 10] The enlarged drawing of the shape of surface type of poly-Si. 

[Drawing 11] (a) - (d) is the explanatory view of the mechanism of projection generating of poly-Si. 
[Description of Notations] 

1 - A glass substrate, 2 - poly-Si, 3 - A resist, 4a, 4b, 4c-4n - A projection, 5 — , 6-, 7-, 8-, 9-, 10, -, 1 1 - Process 
chamber, 12 [ - A microwave waveguide, 24 / - An inspection hole, 26 / - Ti02 film, 32a, 32b / - An adjusting 
screw, 36 / - Beam section spacer ] - A processing stage, 13, -, 14 - A microwave installation aperture, 15 — , 16, 
16a, 16b, 16c - A spacer, 17, 17a, 17b 
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